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Abstract 
Evacuation time taken by people to escape out of a room with obstacle is investigated by using a small-grid lattice 
gas model with different maximum velocities. The relationship between the evacuation time and the obstacle size and 
distance to the exit is investigated. The simulation results show that the evacuation time decreases when the obstacle 
is set appropriately under various densities. Additionally, the numbers of pedestrians escaping out of the room with 
and without obstacle at each time step are also compared and discussed in detail. 
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1. Introduction 
Recently, pedestrian dynamics has attracted increasing attention of researchers because of its complex 
characteristics and wide applications in reality [1-11]. The lattice gas model [2] is one of main approaches 
to study pedestrian dynamics and has been extensively studied and applied. The human subconscious 
behavior and different maximum velocities were introduced, in the study of pedestrian counter flow by 
Kuang [3]. In Ref. [4], a classroom evacuation was examined and it was found that the optimum position 
of a double-exit door is at the back of the room. The effects of pillar-like and panel-like obstacles on 
evacuation time with the social force model were investigated in [5]. Matsui et al. [6] studied the channel 
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flow of mobile objects through obstacles using an extended lattice gas model by considering translational 
particles and turning particles. However, in the traditional lattice gas models, coarse grid partition was 
used, and as a result, such collective phenomena as the arching and clogging behavior, could not be 
reproduced well. Finer lattice, which enables one to represent detailed movement of pedestrians, was 
introduced in Ref. [7].  Xu et al. studied the discretization effect in a multi-grid egress model [8]. 
Classroom and hall evacuation process were explored by Weng and Zhang, respectively [9,10]. But they 
have not considered the obstacle effect in pedestrian evacuation process. On the basis of the small-grid 
lattice gas model proposed by Weng [9], we study the effect of the obstacle size and distance to the exit 
on evacuation time when pedestrians with different speeds escape from a one-door room via numerical 
simulation. 
2. Model  
In this model, the usual occupied space of a walker, namely a square of 40u 40 cm2, is divided into 
smaller grids of 10u 10 cm2 and a walker can move through one or more small grids (1/4 coarse grids) at 
a time step. Figure 1 is the sketch of the coarse grid model and the small-grid model. In Fig. 1, a circle 
denotes a walker. For simplicity, we assume that all of the grids occupied by a pedestrian are prevented 
from overlapping with others. The possible configurations of a pedestrian and the corresponding 
transition probabilities are the same as those in the lattice gas model in Ref. [11]Some pedestrians 
attempt to leave from a one-door square room with an obstacle. There are two kinds of pedestrians: faster 
ones with the maximum velocity of 6 small grids at a time step and slower ones with the velocity of 3 
small grids at a time step.  We assume that a walker spends the same walking time of 0.4 s at a time step.  
 
(a)
 
(b)
 
 
Fig. 1 Sketch of the coarse grid model and the small-grid model. (a) The coarse grid model. The cell grid is 40u 40 cm2. A walker 
moves a coarse grid at a time step, with corresponding velocity of 0.4 m/step. (b) The small-grid model. A walker moves a small 
grid (1/4 coarse grid) at a time step, with corresponding velocity of 0.1 m/step. 
And the desired velocity of 0.75 and 1.5 m/s correspond to 3 and 6 small grids at a time step, respectively.  
The room size is assumed to be 4×4 m2 and the exit door width is 1.2 m. Sequential update is chosen. 
Initially, pedestrians are distributed randomly. At each time step, walkers are numbered randomly from 1 
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to N, where N is the total number of walkers in the room, and then each walker is updated once in the 
sequential order from 1 to N. After all the walkers are updated, updating for one time step is completed. If 
the walkers go out of the system, they will be removed from the system. The above procedure is repeated 
till all the persons have left from the room.  
3. Simulation and results 
We present the simulation results as follows, in which the drift is set as 0.5. We use R to denote the 
fraction of faster pedestrians. As R is smaller than (greater than) 0.5, the quantity of the faster pedestrians 
is smaller than (greater than) that of slower pedestrians. In the direction parallel to the door, the size of the 
obstacle is named as the width of the obstacle and the size in the direction perpendicular to the door is 
named as the length. The centers of the obstacle and the door are in alignment. In our simulation, the size 
of the obstacle is set as one or several small grids. The process of evacuation is simulated 100 times by 
computer. 
Table 1 is the evacuation time under different densities without obstacle given by numerical simulation 
Table 1. Evacuation time under different densities without obstacle. 
density R=0.4 
0.3 21.640 s 
0.5 29.788 s 
0.8 43.736 s 
 
Figure 2 shows the relationship between the evacuation time and the distance between the obstacle and 
door as R is 0.4. When the density is 0.3, there seems to be no obvious regular pattern between the 
evacuation time and the distance of obstacle to the exit when the size of the obstacle is fixed. In Fig. 2(a), 
when the width and length of obstacle are three and four small grids, the evacuation time drop abruptly 
before the distance reaches 1.2 m. When the distance is greater than 1.2 m, the evacuation time is 
increased. When the distance is greater than 2 m, the evacuation time decreases and reaches the minimum 
of 20.688 s at the distance of 2.8 m. Then the evacuation time rises again. When the occupation 
probability increases to 0.5 and 0.8, the evacuation time is shortened with the raise of the distance until 
the distance is 1.6 m. When the distance is greater than 1.6 m, the evacuation time fluctuates. And the 
evacuation time is almost the same for different sizes of obstacles when the distance of obstacle to the 
exit is more than 1.6 m. When the width and length of barrier are three and two small grids, the minimum 
evacuation time of 28.84 s is obtained at the distance of 2.4 m under the density of 0.5. When the density 
is 0.8, the evacuation time reaches the minimum of 41.86 s while the obstacle size is 3u 6 small grids at 
the distance of 1.6 m. From Fig.2 it is found that the obstacle, which is set appropriately under different 
densities, reduces the conflicts among pedestrians when pedestrians escape out of the room and then 
shortens the evacuation time about 1 s compared with that without obstacle in table 1.  
Figure 3 is the plot of the number of pedestrians escaping from the room at each time step under 
different densities. Figure 3 shows the comparison of the number of pedestrians without and with obstacle 
as R is 0.4. It can be seen that the number of pedestrians in the case with obstacle is greater than that in 
the case without obstacle at the beginning. Then the number of walkers escaping out of the room with 
obstacle fluctuates around that in the case without obstacle. After a while, the numbers of pedestrians in 
two situations are almost the same. At the beginning of the evacuation process, the conflicts between the 
pedestrians far away from the door and those near the exit is reduced because of the obstacle and that 
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make the walkers near the door escape out of the room quickly. As time goes by, more and more people 
who are relatively near the door move toward the exit, and the positive effect of obstacle is weakened and 
sometimes the movement of walker is hindered by obstacle. When most of the pedestrians in the room 
have escaped out of the exit, the effect of the obstacle vanishes and the numbers of pedestrian escaping 
out of the room with and without the obstacle are almost the same. 
4. Conclusions 
In this paper, the evacuation time of pedestrians escaping out of a room with obstacle has been 
investigated via a small-grid lattice gas model with different maximum velocities. It is found that the 
obstacle in some way contributes to optimize the evacuation process by reducing the conflicts among 
pedestrians. The obstacle with the size of 3u 4 small grids and the distance of 2.8 m between the obstacle  
 
 
 
Fig.2 Curve of evacuation time against distance of obstacle to the door for density (a) 0.3, (b) 0.5 and (c) 0.8. Here R is 0.4, and W 
and L denote the width and length of the obstacle, respectively.  
and the exit can improve the evacuation time with the density of 0.3 when the faster pedestrians are less 
than the slower pedestrians. When the density is 0.5, the minimum evacuation time is gained when the 
obstacle size is 3u 2 small grids and the distance to the door is 2.4 m. In dense pedestrians flow, we 
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obtained the least evacuation time when the distance of obstacle to the exit is 1.6 m and the width and 
length of barrier are three and six small grids. It is showed that the obstacle, which is set appropriately 
under different densities, can reduce the evacuation time about 1 s compared with the case without 
obstacle. 
 
 
Fig. 3 Number of pedestrians against time step for density (a) 0.3, (b) 0.5 and (c) 0.8. Here R is 0.4, and W, L and D denote the 
width and length of the obstacle and the distance of obstacle to the exit, respectively.  
Acknowledgements 
The authors would like to thank Dr. H Kuang and Dr. XL Li for helpful discussions and suggestions. 
This work was supported by the National Basic Research Program of China (No.2006CB705500), the 
National Natural Science Foundation of China (Nos.10865001, 11162019, 11047003, 11172164, 
10902076 and 10962002), the Natural Science Foundation of Guangxi (No.0991286), and the Educational 
Science Programming Project of Guangxi (No. 2010C139). 
1082  Yan-Fang Wei et al. / Procedia Engineering 31 (2012) 1077 – 1082
References 
[1] Helbing D. Social force model for pedestrian dynamics. Phys. Rev. E. 1995;51:   4282-4286. 
[2] Muramatsu M, Irie T, Nagatani T. Jamming transition in pedestrian counter flow. Physica A 1999;267:487±498. 
[3] Kuang H, Li XL,Song T, Dai SQ. Analysis of pedestrian dynamics in counter flow via an extended lattice gas model. Phys. 
Rev. E. 2008;78:066117. 
[4] Varas A, Cornejo MD, Mainemer D, Toledo B,  Rogan J, et al.. Cellular automaton model for evacuation process with 
obstacles. Physica A 2007;382:631-642. 
[5]  Frank GA, Dorso CO. Room evacuation in the presence of an obstacle. Physica A 2011;390:2135-2145. 
[6]  Matsui A, Mashiko T, Nagatani T. Traffic flow of mobile objects through obstacles: Turning and translational objects. 
Physica A 2009;388:157-173. 
[7]  Song WG, Xu X, Wang BH, Ni SJ. Simulation of evacuation processes using a multi-grid model for pedestrian dynamics. 
Physica A 2006;363:492-500. 
[8]  Xu X, Song WG, Zheng HY. Discretization effect in a multi-grid egress model. Physica A 2008;387:5567-5574. 
[9]  Weng WG, Pan LL, Shen SF, Yuan HY. Small-grid analysis of discrete model for evacuation from a hall. Physica A 
2007;374:821-826. 
[10] Zhang J, Song WG, Xu X. Experiment and multi-grid modeling of evacuation from a classroom. Physica A 2008;387:5901-
5909. 
[11] Tajima Y, Nagatani T. Scaling behavior of crowd flow outside a hall. Physica A 2001;292:545-554. 
